Context. The star-forming regions in Chamaeleon (Cha) are one of the nearest (distance ∼ 165 pc) and youngest (age ∼ 2 Myrs) conglomerates of recently formed stars and the ideal target for population studies of star formation. Aims. We investigate a total of 16 Cha targets, which have been suggested, but not confirmed as binaries or multiple systems in previous literature. Methods. We used the adaptive optics instrument Naos-Conica (NACO) at the Very Large Telescope Unit Telescope (UT) 4 / YEPUN of the Paranal Observatory, at 2 -5 different epochs, in order to obtain relative and absolute astrometric measurements, as well as differential photometry in the J, H, and K band. On the basis of known proper motions and these observations, we analyse the astrometric results in our Proper Motion Diagram (PMD: angular separation / position angle versus time), to eliminate possible (nonmoving) background stars, establish co-moving binaries and multiples, and search for curvature as indications for orbital motion. Results. All previously suggested close components are co-moving and no background stars are found. The angular separations range between 0.07 and 9 arcseconds, corresponding to projected distances between the components of 6 -845 AU. Thirteen stars are at least binaries and the remaining three (RX J0919.4-7738, RX J0952.7-7933, VW Cha) are confirmed high-order multiple systems with up to four components. In 13 cases, we found significant slopes in the PMDs, which are compatible with orbital motion whose periods (estimated from the observed gradients in the position angles) range from 60 to 550 years. However, in only four cases there are indications of a curved orbit, the ultimate proof of a gravitational bond. Conclusions. A statistical study based on the 2MASS catalogue confirms the high probability of all 16 stellar systems being gravitationally bound. Most of the secondary components are well above the mass limit of hydrogen burning stars (0.08 M ⊙ ), and have masses twice as high as this value or more. Massive primary components appear to avoid the simultaneous formation of equal-mass secondary components, while extremely low-mass secondary components are hard to find for both high and low mass primaries owing to the much higher dynamic range and the faintness of the secondaries.
Introduction
One of the nearest dark cloud groups to the Sun can be found in the southern constellation Chamaeleon, at a distance of 165 ± 30 pc (based on the data of Bertout et al. (1999) and Whittet et al. (1997) ). There are strong indications of recent star formation within these clouds: many newborn stars have been historically detected according to their variability and Hα emission. Their observed location in the Hertzsprung-Russell diagram implies, according to the evolutionary models of Chabrier et al. (2000) and Baraffe et al. (2003) , that Cha I has a mean age of ∼ 2 · 
10
6 years (Luhman 2008) . The stellar density within this region is rather low, but contains a large number of low mass stars. Since the Chamaeleon association is nearby and well-isolated from other young stellar populations it is an excellent target for studies of low-mass star formation. For a review about this region we refer to Luhman (2008) .
Our main interests are the frequency and distribution of young binaries and multiple systems, with emphasis on the occurrence of components near the stellar mass limit (0.08 M ⊙ ), and of brown dwarfs or planets. For this purpose, we carried out an extensive observational campaign to search for possible companion objects of the most certain members of the Chamaeleon association with well-known proper motions. We obtained direct imaging of a total of 51 Cha association member stars with the European Southern Observatory (ESO) Very Large Telescope (VLT) instrument Naos-Conica (NACO, Lenzen et al. 2003; Rousset et al. 2003) , in the near-infrared (J, H, and Ks) to carry out high precision astrometry and photometry of them and their nearby candidate companions. In some cases, follow-up spectroscopic observations could be obtained, as for Cha Hα 2 ) and CT Cha (Schmidt et al. 2008a) . The purpose of the present paper is to present our results for a total of 16 of the 51 Cha members observed with previously known faint stellar companion candidates, which, in most cases, had been observed during only one epoch and, therefore, lack any confirmation of their binary nature. Here we present NACO imaging from 1 to 5 different epochs of these objects. Combining our astrometric data with all available literature values, we are able to show that all cases are co-moving binaries or multiple systems, and in many of them there are already indications of orbital motion, partly even curved orbital motion.
In section 2, we describe the details of our observing and reduction strategy. Section 3 summarizes our most important results. Section 4 contains a detailed discussion of each star and section 5 describes the resulting conclusions.
Observations and calibrations
All targeted stars with previously known companion candidates, but not yet examined to determine their possible common proper motion, are listed with additional information on the systems in Table 1 . These binaries could be recovered within the campaign owing to their proximity to the primaries, fitting within the NACO S13 field of view (1024 x 1024 pixels = 13.56 x 13.56 arcseconds) during the search for additional fainter companions. In addition to their positions, we list the currently adopted system architecture and the so far known individual spectral types and distances. Finally the 2MASS (Skrutskie et al. 2006; Cutri et al. 2003) brightnesses are given and the last column of Table 1 refers to the expected number of fore-and background stars in each NACO field (1024 x 1024 pixels = 13.56 x 13.56 arcseconds), according to star counts down to the 2MASS limiting magnitude (near K = 16 mag) in a cone of a radius of 300 arcseconds around each of the targets. The mean value is 0.117 stars per NACO field, but the individual values vary by a factor ∼ 3. An overview of the current orientation and view of the systems is given in Fig. 1 .
In Table 2 we present observational details such as integration times (DIT), the number of combined integrations (NDIT) , that is sometimes equivalent to the number of integrations within one cube (which is NDIT in the case of the cube mode), the number of individual integrations or cubes (NINT), and filter bands. In all cases, we used the S13 camera (∼13 mas/pixel pixel scale) and the double-correlated read-out mode.
For the raw data reduction, we subtracted a mean dark from all science frames and the flatfield frames, then divided by the normalized dark-subtracted flatfield, and subtracted the mean background using ESO eclipse / jitter (Devillard 1997) .
We calibrated the NACO data using the wide binary stars HIP 73357 and/or HIP 6445 for our six epochs in 2006 -2011 . The astrometry of these binaries were measured very accurately by the Hipparcos satellite mission (Perryman et al. 1997) . However, since these measurements were performed twenty years ago, the binary has possibly undergone a large orbital motion, which now dominates the astrometric uncertainty (see Neuhäuser et al. (2008) for details), resulting in the absolute calibration given in Table 3 . Our derived pixel scale is in good agreement with earlier measurements such as e.g. in Neuhäuser et al. (2005 Neuhäuser et al. ( , 2008 or Chauvin et al. (2010) . The error bars in the pixel scale and orientation increase with time because of the increasing uncertainties in the possible orbital motion of the calibration binaries. This systematic also dominates the error estimation in terms of the pixel scale and orientation as can easily be seen by the much smaller scatter among the mean values of the pixel scale, independently determined for each epoch, than the individual uncertainties. The given orientation is relative to north in the sky and has to be added to calibrate any measurement done in the images. Since in Table 3 a trend of increasing orientation by about 0.16
• /yr might be present, we checked whether this tentative trend could be due to the orbital motion of the adopted calibration binary HIP 73357. To achieve this, we requested all obervational data of the binary from the Washington Double Star Catalog (WDS) (Mason et al. 2001 ) from 1835 until 1998 in the version of April 4 2007 and found the binary to have an orbital motion from -0.01 to -0.04
• /yr in position angle, neglecting two outliers, and less than -0.01
• /yr within the past 50 years. Owing to the lack of error bars in the data, we cannot give precise numbers, although since the orbital motion seems to be negligible we calibrated each measurement by the orientation value given in Table 3 , taking the maximal possible orbital motion of a circular orbit according to Kepler's third law into account in the error budget.
Astrometric and photometric results

Astrometry
To verify the common proper motion of the tentative companions of our targets (Table 1) , we used the proper motion (PM) of the stars published in the literature (Table 4) to calculate the expected change in the separation and position angle of the respective components based on the hypothesis that one of the components is a non-moving background star. We used either the newest values combining most of the previous data with new measurements, in this case of UCAC3 (Zacharias et al. 2010) combining data from about 140 catalogues, or the weighted mean proper motion of several independent measurements, as in the case of the faint previously supposed brown dwarf candidate Cha Hα 2 (see e.g. Schmidt et al. 2008b) , whose data was in part derived by us from SuperCOSMOS Sky Survey (SSS) data (Hambly et al. 2001) and NTT/SofI and VLT/FORS measurements (see Table 4 ), to check whether the objects have a common PM as we describe in the following sections. For comparison, we give in addition the median proper motion Hyland et al. (1982 ) (25) Preibisch (1997 value of the Chamaeleon I association derived from the UCAC2 (Zacharias et al. 2004 ) data by Luhman et al. (2008) in Table 4 . To determine the positions of both components, we constructed a reference point spread function (PSF) from both objects. Thus, we obtained an appropriate reference PSF for each single image. Using IDL/starfinder (Diolaiti et al. 2000) , we scaled and shifted the reference PSF simultaneously to both components in each of our individual images by minimizing the residuals. Realistic error estimates in both the position and flux of each object were obtained from the mean and standard deviation in the positions found in all individual images of a single epoch. When the objects are either too close or their brightness difference is too strong, we subtracted the PSF of each component using an IDL rotation routine (described in more detail in Neuhäuser et al. 2008 ) before measuring the astrometry and photometry of the other component, respectively.
As already discussed in the previous section, we used the Hipparcos binary HIP 73357 to calibrate our images. Hence, the uncertainties in the absolute astrometric results, given in Table 9 , include the uncertainties in the Hipparcos astrometry, the maximum possible orbital motion of the calibration binary and the measurement errors in the position of the targets and their companions. In Table 9 , we list the separation between the components (ρ) with its uncertainty (δ ρ ), the position angle (PA) with its uncertainty (δ PA ), as well as the of a measurement at epoch i not being a background object (σ ρ, back, i and σ PA, back, i ). We calculated σ ρ, back, i and σ PA, back, i from the measured difference in the separation and position angle of the components between epoch i and the corresponding expected values at the Julian date of epoch i in the case of the fainter component being a nonmoving background object by extrapolating the known proper motions of the primaries (Table 4 ) with respect to the (latest) reference epoch with index 0, via
where for instance ρ back i (ρ 0 ) would be the expected separation of the components if the fainter of the two were a background object. The parameter δ back i (δ 0 ) is the associated uncertainty in that value, which is essentially the width of the background cone at epoch i relative to the (latest) reference measurement 0 taking into account the proper motion uncertainty, the measurement uncertainty at the reference epoch, and the brightness difference between the components. The last quantity influences the measured proper motion of the combined light. Finally, the likelihood that a measurement i represents orbital motion is calculated similarly for each epoch as a measure of the deviations in the separation and position angle from the reference epoch with index 0, via Table 1 , are outside the FoV of our S13 observations.
All values are given in Table 9 . In addition, we performed relative astrometric measurements between the components for our common proper motion analysis, which allows a more precise determination of the common proper motion and orbital motion for measurements taken with the same instrument. Relative astrometric measurements deal only with the changes in the separation and position angles between the observed epochs, hence relaxes the constraints on the astrometric calibration. The calibration takes into account only the uncertainties in separation, position angle, and proper motion of the target, as well as the uncertainties of the separation, position angle, and possible orbital motion of the calibration binary between the NACO epochs (here 2006 -2011) . The possible maximal orbital motion of the calibration binary was calculated only for 2006 -2011 (or less) , hence the final errors in the relative astrometric measurements for our targets are smaller and changes in these values can be recovered with higher significance, although no absolute reference for separation and PA can be given. We refer to Neuhäuser et al. (2008) for a further discussion of this concept. This allows precise measurement of the relative motions of the targets and the companion candidates given in Table 5 . Analogues to the formulas given in the last paragraph, the significances for not being a background object and for orbital motion from relative astrometric measurements are given in Table 5 , calculated using the time difference (∆t) between measurements as well as the change in separation (∆ ρ) and position angle (∆ PA) and their uncertainties. The absolute astrometric measurements between the components (Table 9) must instead incorporate the full uncertainties of the astrometric calibration (given in Table 3 ). We emphasize that common proper motion can mostly be shown much more precisely based on relative astrometric measurements, while absolute values are given for future comparisons, also with different instruments. Finally, we performed a linear orbital movement analysis for the absolute and relative astrometric results given in Tables 9 &  5 in order to check whether the first indications of orbital motion of the systems can already be found after a few years of observations, since the orbital periods of the projected orbital separations (for circular orbits) is beyond 15 years in all cases, mostly beyond or significantly beyond 50 years. In Tables 6 & 7 we provide the results of these analysis as well as the projected spatial separations, according to the minimal observed separation in Table 9 and the adopted distance given in Table 1 . In addition, the only comparison value found by us in the literature for the star HM Anon is listed there, after conversion of the values from km/s to mas/yr using the distance to Cha I of 160 pc as assumed in the source paper of Woitas et al. (2001) and originally given in Wichmann et al. (1998) .
Photometry
As described in section 3.1, from the PSF fitting of both components we also obtained their flux ratio, which is given for each pair in Table 8 . Owing to the lack of photometric conditions or Sign. photometric calibrators in different nights, we are unable to provide the individual brightnesses of the objects. However, we calculated the mean brightness of each individual object by assuming the combined brightness of the objects, measured by 2MASS (Skrutskie et al. 2006) in one epoch, and dividing the brightness according to our measured flux ratios in each band. However, we should remember that all of the objects are young and thus likely variable, so that we give these values in Table 8 with reservations as a preliminary orientation for the reader only and hence, without error bars.
Description of the individual targets
The Proper Motion Diagram (PMD)
To analyse and interpret the astrometric data we apply a 'proper motion diagram' (PMD), which contains the measured values of either the separation or the position angle with their errors versus time (Fig. 2) . In each case, we consider the hypothesis that the fainter component of the supposed binary is a non-moving background star. The proper motions in Table 4 are obtained by evaluating the centroid measurements of the unresolved system, or they are proper motions of unresolved systems from literature catalogs, except for the resolved system RX J0919.4-7738, which was treated accordingly. Hence, if the fainter component is a non-moving background object, the true proper motion of the brighter object must be corrected to ensure that the centroid reproduces the observed proper motion. For this purpose, the formulas given by the Astronomical Almanac 2005 of the U. S. Government Printing Office (Usgpo) (2003) were applied. The location and movement of the centroid was determined according to the apparent Ks magnitudes in Table 8 . The corrected proper motion values of the brighter components were used to calculate the separations and position angles, which gives the dashed-dotted central line in the PMD, surrounded by solid lines according to the errors in the proper motions. The waves in these curves are due to the differential parallactic motion of the brighter component, which depends on the adopted distance; for the non-moving background object we assume a parallax of zero.
In most cases, we used the mean value 165 pc for Cha I (based on the data of Bertout et al. (1999) and Whittet et al. (1997) ; see Schmidt et al. (2008a) for more information); different distance values are mentioned in the description of individual stars in Table 1 .
The long-dashed lines in the PMD enclose the area of constant separation (or position angle), while the opening shortdashed cone indicates the range of maximal amplitudes of the circular orbital motions according to Kepler's third law. Here we used our photometry in Table 8 and converted the Ks magnitudes into mass estimates according to the models of Baraffe et al. (1998) . Assumed edge-on orbits define the maximal variations in the separation, while face-on orbits would cause maximal variations in the position angle.
The PMDs confirm that all 16 binaries and multiple systems are co-moving, which can also be concluded from the significances σ ρ, back and σ PA, back that the faint object is not a background star. The relative astrometric measurements (Table 5) give for both of them combined always σ > 2.8 . The slopes of the linear least square fits through the individual data points in the PMDs and their errors are listed in Table 6 for the ab- Remarks: Mean apparent magnitudes based on combined brightness measurements of 2MASS (Skrutskie et al. 2006) . In case of resolved measurements by 2MASS the component for which the brightness was used is marked by a *. solute astrometric measurements and in Table 7 for the relative astrometric measurements.
In principle, the a priori hypothesis that the fainter component is a background star is arbitrary. It could be that the brighter component is a projected distant, but more luminous non-member while the fainter one belongs to the Cha complex. The corresponding calculations were carried out and revealed that the resulting changes in the significances for not being a background object are insignificant in the case of co-moving systems, as for all objects in this paper. Hence, these reversed PMDs are therefore not considered in greater detail.
Moving background stars can only be rejected if curved orbital motion is detected.
In only a few remarkable cases are the corresponding PMDs shown in the following sections. A typical example is given in Fig. 2 . The remaining PMDs are in the online appendix. Example Proper Motion Diagrams (PMD) ) for separation and position angle change (left to right) from absolute astrometric measurements (top) and from relative astrometric measurements (bottom) in the WX Cha AB system. The long dashed lines enclose the area for constant separation, as expected for a co-moving object. The dash-dotted line is the change expected if the WX Cha companion is a non-moving background star. The opening cone enclosed by the continuous lines its estimated errors. The waves of this cone show the differential parallactic motion that has to be taken into account if the other component is a non-moving background star with negligible parallax. The opening short-dashed cone represents a combination of co-motion and the maximum possible orbital motion for a circular edge-on orbit (for separation) or circular pole-on orbit (for PA). See text for more information.
Co-moving binaries without orbit indications
We discuss here three stars that are co-moving but for which we could not detect orbital motions. Their significance in relative astrometric measurements is σ orb ≤ 1.2 σ (see Table 5 ). Consequently, their slopes in separation and position angles are also insignificant (see Tables 6 & 7) .
SZ Cha
With about 5 arcseconds separation, this is the widest here reported binary. The first measurement by Ghez et al. (1997) has a rather large error. The absolute PMD (Fig. A.6 ) is therefore compatible with a co-moving binary, but we can exclude from these values the background hypothesis of a non-moving fainter star in the background by 2.8 σ. However, in the relative PMDs we can exclude this possibility with a 3.0 σ significance based on a time difference ∆t of only 3 years instead of almost 15 years in the absolute comparison. In Table 9 , we did not include a measurement by Ageorges et al. (1997) , since the given time of observation between July 1993 and May 1994 was rather imprecise, but more importantly the separation value of 5.2 ± 0.025 arcsec was in quite good agreement with our measurements, while the position angle of 145.5 ± 0.5
• is more than 20
• from our measurements and the measurement of Ghez et al. (1997) , taken possibly within the same year. According to Ghez et al. (1997) , there is also a wide visual companion candidate at 12.5 arcseconds separation, although this companion was outside the field of view (FoV) of our NACO S13 observations. Interestingly, Melo (2003) list SZ Cha as a spectroscopic single star, while Reipurth et al. (2002) list it as a good candidate for a PMS spectroscopic binary with a 5 day period. Finally, we note that our mean brightness value of SZ Cha B of Ks = 11.22 mag is closely Remarks: Only independent sources with individual error bars for the targets were taken into account. Zacharias et al. (2004) consistent with that of a spectral type M5 star in Cha I, as given by Kraus & Hillenbrand (2007) .
WX Cha
Only one epoch was observed by us. To be able to derive relative astrometric results, we re-reduced the data of Lafrenière et al. Table 8 (e) Not using the data point by Ghez et al. (1997) given in Table 9 (Neuhäuser et al. 2009 ). Moreover, we see a strong variation in the Ks band photometry between the data by Lafrenière et al. (2008) , rereduced by us, and our data.
WY Cha
As in the case of WX Cha, we obtained a second epoch of relative astrometric measurements by re-reducing the data of Lafrenière et al. (2008) (Fig. A.13 ). There could be marginal indications of orbital changes in the position angle (1.2 σ level).
As in the case of WX Cha, we also see from our photometry ( 
Binaries with indications of orbital motion
We present here binaries for which we found significant slopes in the PMDs, probably corresponding to orbital motion. In many cases, however, the evidence is still tentative, requiring confirmation by additional observations.
RX J0915.5-7609
For this star, we adopt a distance of 168 pc (Sartori et al. 2003) and an age of 1.3 Myrs (Wahhaj et al. 2010 ). Since we observed during two epochs, we can give a relative PMD (Fig. A.1 ). This excludes the background hypothesis with high significance. The early observation of Köhler (2001) suggests that there is a curved orbital motion in the separation (but not in position angle). The observed linear slope in the absolute position angle PMD is consistent with a possible orbital period of the order of 140 years.
RX J0935.0-7804
Our measurement at JD 2454515.1 refers to a weighted mean of observations in two band passes, J and Ks, each one calibrated independently with corresponding HIP 73357 frames. The absolute, as well as the relative PMDs (Fig. A. 3) exclude the background hypothesis and reveal rather strong linear orbital displacements in both separation and position angle. This system also seems to be very young with an age estimate of 1.1 Myrs (Wahhaj et al. 2010) . The observed linear slope in the absolute position angle PMD is consistent with a possible orbital period of the order of 550 years. Since the separation changes for both absolute and relative values almost as much as expected for a maximum change in a circular (edge-on) orbit, the PA should not change, if edge-on and circular. However, the PA also changes, hence the orbit might be either eccentric or inclined.
RXJ 1014.2-7636
There are rather strong variations in the separation and position angle. The relative PMD (Fig. A.5 ) in position angle indicates a significantly non-circular orbit, a quite inclined orbit, or a strongly curved orbit because its sign is the opposite of that in the early observation of Köhler (2001) . According to Alcala et al. (1997) , this is a very young star of spectral type M2 at an age of 0.24 ± 0.29 Myrs. For this star, we could not find a convincing distance value in the literature. Although the higher proper motion found for this star (Table 4) indicates that it is close to the Sun, as does the quite high orbital motion found (Tables 6 & 7) , the object might not be as close as the distance 14 pc given in Riaz et al. (2006) . This is particularly true since it is unlikely to find a very young (see above) star in the solar neighbourhood. The amount of orbital motion is still consistent with the distance of Cha I of 165 pc. The slope in the (more long-term) absolute PMD of the position angle is consistent with an orbital period of the order of 190 years. However, the relative PMD indicates that there is a significant position angle difference between the latest two measurements, with a sign that is opposite of the long-term trend. This could be an indication of a curved orbit.
Ced 110 IRS 2
Data for this companion was published for the first time by Lafrenière et al. (2008) , although we (Table 9 ) also imaged this system 37 days before the measurements of Lafrenière et al. (2008) . While it had already been found to be a visual binary, we waited for a second epoch of data before presenting here for the first time the high significance of a common proper motion. The background hypothesis can be excluded from the separation behaviour, but not from that of the position angle. On the other hand, there is a significant temporal variation in the position angle of absolute and relative astrometric measurements, but only a marginal variation in the relative separation PMD (Fig. A.7 ). In addition, Kraus & Hillenbrand (2007) published an ultrawide visual companion candidate displaying an approximately 22 arcsecond separation outside the FoV of our NACO S13 observations. The slopes in the PMDs of the position angle are consistent with an orbital period of the order of 120 years.
Cha Hα 2
The binary nature of this object was suggested by Neuhäuser et al. (2002) from HST data. Our two epochs of data are complemented by an archival observation previously discussed in Schmidt et al. (2008b) , where we confirm the very close binary nature of the object and derive the masses of both components of the order of 0.1 M ⊙ , near the lower stellar mass limit, with error bars down to 0.07 M ⊙ for one of the components. The components of Cha Hα 2 are among the faintest and least massive member stars found in the Cha star-forming region and one is still a candidate brown dwarf. The absolute PMDs (Fig. A.8 ) were presented in Schmidt et al. (2008b) ; here we add an older measurement from Neuhäuser et al. (2002) to the regular PMD (see Fig. 3 ) after slightly improving the astrometric reduction quality of the original presented data. In addition, we also present the relative PMDs that confirm the linear orbital motion in the separation found in Schmidt et al. (2008b) . The position angle does not show significant orbital variations, but it excludes the background hypothesis, confirms the co-moving nature of the components of Cha Hα 2, and indicates that the orbit is edge-on. 
RX J1109.4-7627
There are small variations in the separation but a rather strong slope in the position angle, which is consistent with a circular pole-on orbit of a period of the order of 62 years. The relative and absolute PMDs (Fig. A.10 ) are almost identical in this case, owing to the lack of earlier observations and the small separation of the components, reducing the influence of the more imprecise absolute astrometric calibration.
HD 97300
This is the most massive binary of our sample with a spectral type B9V (Rydgren 1980; Gürtler et al. 1999) . For this star, we adopt a distance of 179 pc (van Leeuwen 2007) and an age of 5.6 ± 2.0 Myrs (Tetzlaff et al. 2011) . Two epochs were observed by us. In addition, we re-reduced the data of Lafrenière et al. (2008) in order to be able to include this epoch in our relative PMDs (Fig. A.11 ). There is a quite significant linear orbital motion in both of the separation PMDs, as well as in the relative astrometric measurements of the position angle. The background hypothesis is rejected with high significance in all diagrams.
HJM C7-11
We consider the strongly deviating value of the early separation measurement of 1.2 arcsec by Ghez et al. (1997) as a misprint, as it might mean 0.2 arcsec. Disregarding this value, we obtain a co-moving pair with a rather constant separation, but slight indications of a position angle slope (Fig. A.14) . A circular pole-on orbit would have a period of the order of 500 years. While Torres et al. (2006) give a multiplicity flag of 'SB?' (spectroscopic binary), this possibility was not mentioned in other publications Joergens 2006 ). In addition, Kraus & Hillenbrand (2007) published an ultrawide visual companion candidate at an approximately 13.6 arcsecond separation outside the FoV of our NACO S13 observations.
Sz 41
There is an early observation of the 4 Myr (Wahhaj et al. 2010) old star ) that is of very low accuracy. This and the remaining observations are consistent with a co-moving binary without any significant orbit evidence in separation. The position angle change for relative astrometric measurements might either indicate orbital motion or a 2 σ outlier of our first own measurement. The point from the re-reduced data of Lafrenière et al. (2008) is consistent with no orbital motion at all, although it does have a larger time difference and hence, larger error bars due to the possible larger amount of orbital motion of the calibration binary. The background hypothesis is ruled out with high significance, especially according to the relative PMD (Fig. A.15) , which contains three epochs. According to & Reipurth & Zinnecker (1993) , there is a second wide visual companion candidate at 11.4 arcsec separation outside the FoV of our NACO S13 observations. Reipurth et al. (2002) report from their spectroscopy data, with the primary and secondary situated in the spectrograph entrance window, that the object is a spectroscopic binary candidate with a possible period of about 125 days. While the spectroastrometric displacement found by Takami et al. (2003) is small and might be caused by the binarity also recovered by us at ∼ 2 arcsec, Covino et al. (1997) , Melo (2003) , Guenther et al. (2007) and Joergens (2008) all found no evidence of a spectroscopic binarity.
HM Anon
In addition to our two epochs of data we re-reduced the data of Lafrenière et al. (2008) in order to be able to include these epochs in our relative PMD (Fig. A.16 ). All diagrams reveal that there are significant linear orbital motions in separation and position angle, and enable us to reject the background hypothesis with large significance. As given in Skiff (2009),u the Tycho-2 coordinates are wrong and HM Anon is identical with TYC 9414-1250-1. Since the proper motion of Tycho-2 (Høg et al. 2000) differs greatly from the mean value for Cha I (Luhman et al. 2008) , we chose to use the value of UCAC 3 (Zacharias et al. 2010) ; this is because this measurement is consistent with the Cha I median value (see Table 4 ), although UCAC 3 found fewer than two good matches, while including the catalogues used for Tycho-2. HM Anon is the only object in our sample for which we could find values of the orbital motion in the literature (Woitas et al. 2001 ). If we convert their units (km/s) into those of our Table 6 (mas/yr), using the distance to Cha I of 160 pc as assumed there and given in Wichmann et al. (1998) and from km/s to
• /yr assuming the same distance and a separation of the components of 245 mas, we derive the trends of -3.5 ± 9.8 mas/yr in separation and 4.1 ± 4.0
• /yr in position angle observed by Woitas et al. (2001) , consistent with our new, more precise values listed in Table 6 . As discussed for RX J0935.0-7804, the orbit of this binary might be inclined and/or eccentric.
Triples and quadruples RX J0919.4-7738
For this star, we adopt a distance of 56.8 ± 2.8 pc (van Leeuwen 2007) and an age of 16.1 ± 2.5 Myrs (Tetzlaff et al. 2011) , consistent with the earlier value of 14 Myrs given by Neuhäuser & Brandner (1998) . This is a strong quadruple sys- tem candidate. It consists of a wide binary (separation 9 arcseconds) whose southern component is a double-lined spectroscopic binary ) called B, while the northern component is visually double, beeing resolved for the first time by Köhler (2001) called Aa/Ab. Our observations comprise only one epoch of Aa/Ab/B, therefore no relative PMDs can be obtained. We used the catalogues of HIPPARCOS (Perryman et al. 1997 ) and 2MASS (Skrutskie et al. 2006; Cutri et al. 2003) in order to derive separations and position angles between Aa/Ab and B, using the centroid in magnitude for Aa/Ab (which were not resolved by HIPPARCOS and 2MASS). These data do not reveal significant variations in either the separation or position angle of the wide binary, and their PMD is consistent with a comoving binary (Fig. 4) . The PMD of the Aa/Ab pair (Fig. A.2) shows strong variability in the position angle, while the distance seems to be constant during the time interval of about 4300 days between the two observations available at present. This is consistent with a co-moving binary in a circular pole-on orbit, with an orbital period of the order of 90 years. We did not include in our analysis the position values of Mason et al. (1998) , Tokovinin et al. (2010) , and the earlier ones as in Torres (1986) , noting that there has been little or no change in the orbit of the wide binary since 1872, as no error bars are given for the separation and position angle. For a further discussion of the system, we refer to Desidera et al. (2006) and Tokovinin et al. (2010) .
RX J0952.7-7933
For this star, we adopt an age of 3 Myrs, since Frink et al. (1998) give this value for their subgroup 1 of stars, mentioning that RX J0952.7-7933 might be a member of this subgroup judging from its proper motion alone, while warning that the reflex motion of the sun is very similar to the typical proper motion of Chamaeleon member stars. The object is a spectroscopic triple star , partly resolved by Köhler (2001) and us here, although we are unable to judge from the currently available data which resolved star of the components is the additional spectroscopic binary. Components A and B are co-moving with only marginal variations in the separation: the six data points in the relative separation PMD could reveal some indication of an orbital curvature for the triple system AB. This curvature is strongly consistent with a first astrometric detection of the third component of the spectroscopic triple, having in this case an orbital period of approximately five years. On the other hand, there is a rather strong slope in both of the position angle PMDs (Fig. A.4) , which is consistent with a circular pole-on obit of the wide binary and a period of the order of 200 years.
VW Cha
This object was recognized as a binary by . Additional measurements were published by Ghez et al. (1997) and Brandner et al. (1996) and were found in the ESO/ST-ECF science archive (see also , Padgett & Stapelfeldt (2001) for more information on the observations with the HST). Brandeker et al. (2001) resolved, for the first time, the southern component of the original binary into two stars, now called B/C. Consequently, the triple system was measured by Correia et al. (2006) and Lafrenière et al. (2008) , as well as in one epoch by us (therefore no relative PMD is available). Figs. 6 and A.9 show the PMDs of A versus (vs.) B/C and B vs. C. The position angle variations in the former PMD are consistent with a circular pole-on orbit, excluding the background hypothesis, while the separation values do not allow firm conclusions. The B/C pair is bound, and the three points in the separation PMD could indicate curved orbital motion. Reipurth & Zinnecker (1993) and Correia et al. (2006) found evidence of a possible fourth component in this system, outside the field of our NACO observations at 16.7 arcseconds separation. VW Cha was found to be spectroscopically multiple by Melo (2003) and Torres et al. (2006) , although according to the details in the discussion of Melo (2003) the three found components might in fact be the three resolved inner components by Brandeker et al. (2001) .
Conclusions
Our astrometric results from VLT NACO observations based on new data of one to five epochs confirm the physical connection of the secondary stars in all (previously known, but hitherto unconfirmed) 16 binary and multiple members of the star-forming region in Chamaeleon. The angular separation between the components range from 0.07 to 9.0 arcseconds (Table 9) , corresponding to projected minimum distances of between 6 and 845 AU (Table 6 ). All secondary components are brighter than 11.5 mag in the Ks band (Table 8 ), despite our observations reaching limiting magnitudes that vary between 16.5 and 18 mag in Ks. On average, we expect only 0.117 stars per field, according to 2MASS (c.f. Table 1 ). However, only about 7 % of all 2MASS stars in our statistics are as bright as K ≤ 11.5 mag, therefore the probability of a chance coincidence at this brightness level ranges between 0.4 % and 1.2 %, according to the different star densities in our fields. Statistically, we should observe about 125 different fields, in order to expect one chance coincidence of a star brighter than 11.5 mag with one of our targets. Therefore, it is unsurprising that background stars in our small NACO fields are missing.
However, from a statistical point of view, there is an additional strong argument for a true physical connection between most components of our targets: In only two fields are the angular separations larger than 5 arcseconds (RX J0919.4-7738 and SZ Cha), i.e. of the same order of magnitude as our NACO field size. There is one additional case (Sz 41) with a separation of 1.9 arcseconds, but in all the other 13 cases the components are closer than 1 arcsecond. Therefore, a realistic estimation of a chance coincidence is still much lower than the above value.
On the other hand, we should emphasize that, in principle, a real proof of a gravitational bond between the components is only given, if curvature in the orbit can be measured (which would have to also differ from a hyperbolic ejection orbit). Marginal indications of possible curvatures are found in four targets (RX J0915.5-7609, RX J0952.7-7933, RX J1014.2-7636, and VW Cha). Future observations should confirm this and improve the orbital parameters. We also refer to Neuhäuser et al. (2010) and Mugrauer et al. (2010) for further detailed discussions and sub-stellar examples of the first indications of orbital curvature. As an alternative explanation of apparently comoving binaries, we could suppose that we have seen two seperate members of the star-forming region in Chamaeleon, aligned by chance along our line of sight. Our orbital motions of a few to several mas/yr (Tables 6 & 7) would be typical of the velocity dispersion in star-forming regions such as Cha I (Ducourant et al. 2005) . However, the aforementioned statistical arguments do not support this idea. We therefore have observed, with very high probablilty, 16 physically bound binaries or multiple systems. Even if one turns out to be an unbound case of two young Chamaeleon members, the age and distance (within the given uncertainties) would be the same for both objects, and likewise the masses of these individual Chamaeleon member objects.
The 2MASS catalogue separates the components only for the two cases with separations ≥ 5 arcseconds mentioned above, in all other cases the positions and magnitudes in 2MASS refer to the combined light (c.f. Section 3). The limiting magnitude of 2MASS is near K = 16 mag, far below the limit of the faintest secondary components investigated in this paper (K = 11.5 mag, see Table 8 ). Might we be missing additional low-mass components of larger separations, outside of our NACO field of view? To investigate this possibility, we searched in the 2MASS catalogue for additional components at angular distances of up to 20 arcseconds, around all 16 targets presented here, as well as around CT Cha (Schmidt et al. 2008a ). This search revealed a total of 17 candidate stars, i.e. on average 1.0 stars per field, with separations ranging between 7.5 and 16.5 arcseconds. Since these search fields are 6.83 times larger than the FoV of NACO, we expect on average about 0.117 · 6.83 = 0.8 stars per field, very close to the observed number. Assuming that we can also find objects within the additional amount we jittered the images, although we could not go as deep as in the inner parts of the images, the search fields are only 5.2 times larger than the NACO FoV plus two of the four arcsecond jitter box width used, hence we expect on average about 0.61 stars per field. On average, we found 0.2 -0.39 objects too many in the search areas per star or in total 3.4 -6.6 candidate stars that could be additional multiple-star components. Moreover, there is a large excess of bright stars: a total of 4 candidate stars (= 24 %) are in the range K < 11.99 mag, while our 2MASS counts reveal that only 9 % of all stars are in this brightness range. A similar excess is present in the magnitude range 12.0 < K < 13.99 mag in which we found 6 stars (=35 %), but expect only 19 %. Consequently, there is a deficit of the faintest stars K > 14.0 mag (7 stars = 41 % observed, but 72 % expected), of faint background stars behind the dark cloud. According to these results, a total of 5 -6 candidate stars with K < 14.0 mag could be additional multiple star components of our targets.
The given magnitude limit of K = 11.5 mag of our target stars has already been mentioned. It correponds at the distance of the Cha I region rather precisely to the mass limit of 0.08 M ⊙ of hydrogen burning stars. We should emphasize that this limit is only reached by one binary star (Cha Hα 2, see also Schmidt et al. (2008b) ), both of whose components are very near to this lower limit of possible stellar masses, one of them still being a brown dwarf candidate. SZ Cha B is the only other star with K > 11 mag, while all the remaining targets of our sample contain much brighter components with K ≤ 10.6 mag, corresponding to a mass of 0.16 M ⊙ at the average age (2 Myrs) and the distance of Cha I (165 pc) using the Baraffe et al. (1998) models. In contrast to many studies (Tokovinin 2000; Halbwachs et al. 2003) , we find that binary or multiple systems with relatively massive primary components tend to avoid the simultaneous formation of equal-mass secondary components (as also found by Mazeh et al. (2003) ). Extremely low-mass secondary components are hard to find for high and low mass primaries owing to the much higher dynamic range and the faintness of the secondaries. 
